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During previous studies of the distribution of arteries and veins on the surface of human hearts that led to the description of atrioventricular (AV) and ventriculoatrial (VA) branches of the coronary arteries, we had occasion to observe a special vascular arrangement. Instead of supplying portions of the wall of atria and ventricles on the same side of the heart, AV and VA arterial vessels were distributed to the wall of cardiac chambers of the opposite side.
The literature contained papers dealing only with homolateral (ipsilateral) AV and VA branches of the right coronary and circumflex arteries (DiDio, 1964 (DiDio, , 1967 DiDio, Brockmeyer and Wakefield, 1971, in canine dogs, and Tose and DiDio, 1986 , in human hearts).
Material and Method
The study was performed in 40 hearts of cadavers of Caucasian individuals (22 females and 18 males), whose age ranged from 31 to 101 years. The coronary arteries were injected with red latex and the coronary sinus and its tributaries with blue latex, then fixed in 1007o formaldehyde solution, dissected, drawn and photographed. Each photograph is accompanied by a diagram of the AV and VA branches.
Results
In 8 out of 40 cases, that is, 20% ± 6.3, an artery gave off branches to an atrium and to a ventricle on opposite sides of the heart (Figs. 1, 2, photographs and diagrams). When the major artery was ventricular, giving off a smaller, recurrent, atrial branch, the vessel was named ventriculo-atrial (VA) and when the major artery was atrial, giving off a smaller, recurrent, ventricular branch, the vessel was named atrioventricular (AV).
There were VA branches in 7 cases out of 40, that is, in 17 .5 °lo ± 6, and one AV branch in 1 case out of 40, that is, in 2.5°7o 2.3 of the cases.
The VA branches had a right ventricular artery giving a branch to the wall of the left atrium (7 cases) or a left ventricular artery giving an atrial artery to the wall of the right atrium. In 3 cases, the atrial branch of the VA branches, after supplying the wall of the atrium, proceeded to supply also the wall of the ventricle on the opposite side. The ventricular branch of the VA branches originated from the right coronary artery in 6 cases and in 1 case from the left. The atrial branch of the AV branch originated from the right coronary artery.
The heterolateral (contralateral) distribution of the AV and VA branches occurred in the area of the Obs. 21 (cadaver of Caucasian individual, male, 78 years old). Photograph and diagram of the area of the crux cordis (coronary sulcus, diaphragmatic aspect). The vena cardiaca media was sectioned and reflected to show an atrioventricular branch (large arrow), originating from the right coronary artery (cd). The AV branch gives off an atrial branch (a), which, in turn, has a recurrent branch (r) to supply (smallest arrow) the wall of the right atrium (AD), then continues toward the opposite side (arrow head) to give off atrial branches to the wall of the left atrium (AE) and to the wall of the left ventricle (medium-sized arrow); the same AV branch provides another ventricular branch (b) to the wall of the left ventricle (VE).
posterior interventricular sulcus, at the level of the coronary sulcus (crux cordis). . Photograph and diagram of t he diaphragmatic aspect of the heart, focusing on the coronary sulcus (crux cordis). The vena cardiaca media was sectioned and reflected toward the cardiac apex, to show a ventriculo-atrial branch (thick arrow) originating from the circumflex artery (c) of the left coronary artery. The ventricular artery of the VA branch supplies the wall of the left ventricle (ye) and the smaller atrial artery supplies both atria and the right ventricle (vd). The atrial branch (a), after sending a recurrent branch (r) to the wall of the left atrium (ae), crosses the coronary sulcus to supply the wall of the right ventricle (vd). mentioned, for both arteries and veins (Tose and DiDio, 1986) of the cardiac circulation, AV branches have a main atrial vessel, which gives off a recurrent ventricular vessel or, in the case of veins, receives a tributary from the ventricular wall, whereas VA branches have a main ventricular vessel which gives off a recurrent atrial vessel (or receives an atrial venous affluent). The homolateral branches are by far more frequent than the heterolateral AV and VA. In fact, homolateral AV and VA had a high incidence both in human hearts (74°7o), according to previous papers (1964, 1967) , and in canine hearts (9007o) according to DiDio, Brockmeyer and Wakefield (1971) , whereas heterolateral AV and VA were found to be present only in 20% of human hearts. Among the heterolateral AV and VA, the VA branches (7 cases) of the right coronary and circumflex arteries prevailed over the AV branches (1 case). Both AV and VA branches, however, were noted in the same area of the heart, that is, in the crux cordis, the interception between the coronary sulcus and the posterior interventricular sulcus (eventually also its superior continuation, whioh would correspond to a posterior inter-atrial sulcus). Our results showed that heterolateral arterial branches did not occur near the anterior limit between the right and left atrial and ventricular walls; they were observed only in the inferoposterior aspect of the heart, more precisely, at the level of the coronary sulcus in the diaphragmatic aspect.
In spite of the small number of cases exhibiting heterolateral AV and VA arterial branches, they carry one step further the connection between vessels of the wall of one cardiac chamber with that of the neighboring cardiac chambers.
Conclusions
1 . Atrioventricular and ventriculo-atrial branches of the coronary arteries are cardiac vessels which possess recurrent branches and which supply atrial and ventricular walls of the same side (homolateral or ipsilateral) and of the opposite side (heterolateral or contralateral) of the heart. 2. Heterolateral AV and VA arterial branches were found in a percentage (20%) much lower than the homolateral branches (74070 in humans and 90% in dogs). 3. Heterolateral VA branches (7 cases) are more frequent than heterolateral AV branches (1 case) and both types were noted always in the area of the crux cordis. 
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